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57 ABSTRACT 
A process is disclosed for the catalytic cracking of hy 
drocarbons in a fluidized bed wherein the catalyst parti 
cles are injected in a fully fluidized suspension into an 
elongate reaction Zone. In accordance with the process, 
the feedstock to be cracked is injected in a state of small 
droplets less than 200 microns in diameter countercur 
rently to the flow of the fully fluidized suspension of 
catalyst particles. 

10 Claims, 2 Drawing Sheets 
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PROCESS FOR THE CATALYTC CRACKING OF 
HYDROCARBONS INA FLUDZED BED AND 

THERAPPLICATIONS 
5 

This application is a continuation of application Ser. 
No. 885,911, filed July 15, 1986, abandoned. 

FIELD OF THE INVENTION 

The present invention relates to an improved process 10 
for catalytic cracking in a fluidized bed. More particu 
larly, it relates to the catalytic cracking of a hydrocar 
bon feedstock injected into the catalytic cracking Zone. 

BACKGROUND OF THE INVENTION 15 

As is known, the petroleum industry routinely uses 
cracking processes in which hydrocarbon molecules of 
high molecular weight and a high boiling point are 
broken down into smaller molecules boiling in lower 
temperature ranges suitable for the desired use. 20 
The process which today is used most widely for this 

purpose is the so-called fluid catalytic cracking (FCC) 
process. In this type of process, the hydrocarbon feed 
stock is vaporized by being contacted at high tempera 
ture with a cracking catalyst that is kept in suspension in 25 
the feedstock vapors. After the desired molecular 
weight range reduction has been attained by cracking, 
with a corresponding lowering of the boiling points, the 
catalyst is separated from the products obtained, 
stripped, regenerated by combustion of the coke 30 
formed, and again contacted with the feedstock to be 
cracked. 

In processes of this type, the desired lowering of the 
boiling points is the result of controlled catalytic and 
thermal reactions, the FCC process being of course 35 
carried out so that the cracking unit is in thermal bal 
ance. In other words, the feed of hot regenerated cata 
lyst should be such that it is able to meet the various 
thermal requirements of the reactor section, and more 
particularly: 40 
Preheating of the liquid feedstock. 
Vaporization of the feedstock. 
Heat input required by the reactions involved, which 

overall are endothermic. 
The latest developments in the area of catalytic 45 

cracking have shown that important factors in the 
cracking reaction are the rapidity and uniformity with 
which the feedstock is contacted with the catalyst parti 
cles, and hence the quality of the atomization and va 
porization of the feedstock upon its injection into the 50 
reaction zone. (See U.S. application Ser. No. 827,333 
filed Feb. 7, 1986, incorporated herein by reference.) 
The feedstocks to be cracked are usually injected into 

the reaction zone at a temperature which generally 
ranges from 80 to 400° C. and a relative pressure of 55 
from 0.7 to 3.5 bar, while the temperature of the regen 
erated catalyst fed to that zone may be of the order of 
600 to 950 C. 
More particularly, when feedstocks composed of 

hydrocarbons having a high boiling point and contain- 60 
ing asphaltenes are being processed, the catalyst is pref 
erably injected into the reaction zone as a fully fluidized 
suspension at a temperature which may be as high as 
950 C., a portion of the quantity of heat so supplied 
permitting at first the instantaneous thermal cracking of 65 
the heaviest and most unstable molecules into lighter 
molecules. The whole of the feedstock molecules and 
catalyst particles having by then reached an equilibrium 

2 
temperature, the catalytic cracking reaction proceeds 
by contact of these molecules with the active sites of the 
catalyst. 

It has been found that the heavier the hydrocarbon 
feedstock is, the more critical the configuration of the 
zone of injection of the feedstock into the catalytic 
cracking reactor becomes. It should permit optimum 
contact, that is, uniform and instantaneous contact, of 
the hydrocarbons with the catalyst. Moreover, practi 
cally complete atomization of any unvaporized product 
should take place as rapidly and as close to the injection 
zone as possible. 

In the most advanced catalytic cracking units now in 
existence, the atomized hydrocarbon feedstock is in 
jected cocurrently into a stream of catalyst particles 
circulating in an elongate reaction Zone, generally 
called an elevator or "riser' when the feedstock flows 
from bottom to top, or a "dropper' when it flows from 
top to bottom. Regardless of the quality of the atomiza 
tion of the feedstock, however, the largest droplets are 
entrained by the catalyst stream and necessarily travel 
some distance into the reaction zone. The greater that 
distance, the more the catalyst stream entraining a drop 
let falls short of carrying the heat necessary for vapori 
zation of that droplet. As a result, the hydrocarbons 
contained in the largest droplets undergo excessive 
coking if the droplets collide with catalyst particles, or, 
if they do not, are converted to a lesser degree into 
lighter products. 

SUMMARY OF THE INVENTION 

The present invention therefore provides an im 
proved fluid catalytic cracking process which over 
comes the above drawbacks and in which the starting 
feedstock can be vaporized almost instantaneously by 
atomization of the liquid into droplets less than 200 
microns, and preferably less than 100 microns, in diame 
ter, and in which the stream of droplets so formed is 
injected countercurrently to the stream of catalyst parti 
cles. 
To this end, the invention has as an embodiment a 

process for the catalytic cracking of hydrocarbons in a 
fluidized bed wherein the catalyst particles are injected 
in a dilute fluidized phase into an elongate reaction 
zone, characterized in that the feedstock to be cracked 
is injected in the state of fine droplets less than 200 
microns in diameter countercurrently to the flow of the 
fully fluidized suspension of the catalyst particles. 
The invention has as a further embodiment an appara 

tus for the catalytic cracking of hydrocarbons in a fluid 
ized bed, comprising an elongate reaction zone into 
which the catalyst particles are injected in a fluidized 
phase, characterized in that it comprises means for the 
injection and atomization of the feedstock to be cracked 
countercurrently to the stream of catalyst particles in a 
fully fluidized suspension at an angle of between 5 and 
80 degrees relative to the axis of the reaction zone, these 
injection means being such that the diameter of the 
droplets of the atomized feedstock is less than 200 mi 
COS. 

Still another embodiment of the invention is the appli 
cation of said process and apparatus to the catalytic 
cracking of hydrocarbon feedstocks in a fluidized bed. 

In accordance with the invention, the smallest drop 
lets of the feedstock to be cracked are thus vaporized 
instantaneously and the vapors produced are entrained 
by the catalyst particles toward the reaction Zone while 
the largest droplets are vaporized more slowly, though 



4,883,583 
3 

completely, since their initial countercurrent travel 
permits them to encounter only a stream of completely 
regenerated catalyst that is at a constant temperature 
which is close to the temperature of injection of the 
latter. The result is better homogeneity of the stream of 
catalyst and vapors in the reaction zone, and the dura 
tion of the contact between catalyst particles and feed 
stock vapors becomes substantially constant since at the 
level of the injector of the feedstock the latter has been 
completely vaporized by now. 
BRIEF DESCRIPTION OF THE DRAWINGS 
The characteristics and advantages of the invention 

will now be described in greater detail with reference to 
the accompanying drawings, wherein: 

FIG. 1 is a diagrammatic view of an apparatus in 
accordance with the invention; 
FIG. 2 is a similar view of a variant of said apparatus; 

and 
FIG. 3 shows curves which will be explained in con 

nection with an exemplified embodiment of the inven 
tion. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

In the apparatus illustrated in FIG. 1, the regenerated 
catalyst is introduced at the base of a reactor 1 of the 
riser type through a line 2 in a quantity determined by 
the opening or closing of a valve 3. It is then made into 
a dense fluidized phase by the injection through a first 
diffuser 5 of a first gaseous fluid fed in through a line 4. 
The catalyst is then maintained in a homogeneous fluid 
ized suspension in the reaction zone by the injection of 
a second gaseous fluid into the riser by means of a sec 
ond diffuser 8, supplied through a line 7 and located in 
the upper portion of the dense catalyst bed. 
The feedstock to be cracked is introduced through a 

line 6 by means of an appropriate device of a type which 
is known per se and injected countercurrently to the 
ascending catalyst stream. To this end, the injectors are 
placed, in an appropriate number, at a downward angle 
relative to the riser ranging from 5 to 80 degrees, and 
preferably from 30 to 60 degrees. As a variant, FIG. 2 
shows another catalytic cracking apparatus in accor 
dance with the present invention wherein the reactor 1 
is of the downflow or dropper type. In this figure, the 
elements already described in connection with FIG. 1 
are designated by the same reference numerals, primed. 
Since the catalyst stream flows from top to bottom. the 
injectors 6' here make an upward angle with the drop 
per ranging from 5 to 80 degrees, and preferably from 
30 to 60 degrees. 
A first advantage of the apparatuses of the present 

invention stems from the fact that the largest droplets of 
the feedstock to be cracked are vaporized much more 
rapidly than in conventional injection systems since all 
along their path they are in the presence of a stream 
whose temperature is the temperature of injection of the 
completely regenerated catalyst particles. As a result, 
the risk of coking through direct collision with the 
catalyst particles is considerably reduced and the feed 
stock is completely vaporized at the level of injection, 
the rate of conversion of the hydrocarbon vapors in the 
reaction Zone thus being increased. 
A second advantage of the apparatuses in accordance 

with the present invention arises from the fact that since 
there is less coking due to collision with the catalyst 
particles, the latter preserve their activity for the subse 
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4. 
quent catalytic cracking reaction, and this improves 
their selectivity for products obtained in the catalytic 
reaction. 
A third advantage of these apparatuses is that they 

permit better contacting of the catalyst particles with 
the feedstock vapors. Practically instantaneous heat 
transfer thus ensues and the cracking reaction sets in 
immediately, at the requisite temperature, with com 
pletely regenerated catalyst which has not been deacti 
vated by contact with the lightest fractions of the feed 
stock. All of the molecules of the feedstock are thus 
subjected to the catalytic reaction for the same length of 
time, which is a function of the length of the reaction 
zone. This makes it possible to obtain a better conver 
sion rate as well as a better octane number of the gaso 
line produced. Finally, it also becomes possible to sub 
stantially reduce the residence time of the feedstock in 
the reaction zone, that is, to reduce the length of the 
riser. Such reduction results 
in a decrease in the pressure drop in the reactor that 

permits the size of the unit to be reduced; 
in minimization of the deleterious effects of the heavy 

metals contained in the feedstock, which have less 
time to be reduced and thus are partially passivated; 
and 

in a reduction of the cost of construction of the cracking 
apparatus. 
A further advantage of the apparatus of the invention 

is that it lends itself to the catalytic cracking of feed 
stocks containing much larger amounts of heavy prod 
ucts, and particularly asphaltenes. The contacting of a 
homogeneous stream of very hot catalyst particles with 
the finely atomized feedstock of heavy oils, which is 
injected countercurrently, makes possible an instanta 
neous thermal cracking reaction in which the heaviest 
molecules are broken down into smaller molecules 
without excessive coking of the catalyst particles. The 
latter, having thus retained most of their activity, then 
permit the catalytic cracking reactions of the smaller 
molecules so formed to proceed in the riser. The con 
version rate of the cracking unit thus is considerably 
improved and the quantities to be recycled are reduced. 

Still another advantage of the apparatus in accor 
dance with the invention stems from the fact that the 
reduction of the amount of coke formed as the feed 
stock is contacted with the catalyst facilitates the regen 
eration of the catalyst by reducing the retention time in 
the regenerator or regenerators and by reducing the 
likelihood of hotspots developing therein, which would 
be detrimental to both the catalyst and the cracking 
unit. 

In accordance with a special characteristic of the 
process and injection apparatus of the present invention, 
the hydrocarbon feedstock to be cracked may be intro 
duced in the liquid state by means of at least one atom 
ization device in such a way that the jet of atomized 
feedstock enters the reaction zone countercurrently to 
the stream of catalyst particles and at an angle ranging 
from 5 to 80 degrees, and preferably from 30 to 60 
degrees. 
The atomization devices needed to atomize the feed 

stock to droplets less than 200 microns, and preferably 
less than 100 microns, in diameter are of a type well 
known to those skilled in the art. Reference is made, by 
way of example but not of limitation, to French patent 
application No. 84 04281, filed on Mar. 20, 1984, by the 
assignee, and incorporated herein. 
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To provide for uniform distribution of the atomized 
feedstock in the reaction zone, it is deemed preferable to 
use a plurality of injectors spaced along the periphery of 
the reactor. 
The atomized feedstock, injected countercurrently 

into the reaction zone, should be introduced at a veloc 
ity ranging from 10 to 600 meters per second, and pref 
erably from 50 to 200 meters per second. To accomplish 
this, atomization and countercurrent injection are ad 
vantageously carried out with the aid of an auxiliary 10 

5 

fluid, which may be steam or a gaseous fluid relatively 
rich in hydrogen or in hydrogen compounds coming 
from another unit of the refinery. 
The quantity of auxiliary fluid required advanta 

geously ranges from 0.5 to 20 percent by weight, based 
on the feedstock to be cracked. 

Finally, the temperature of the feedstock to be 
cracked may range from 70 to 400 C. upon its intro 
duction into the reaction zone. 
The stream of catalyst particles into which the feed 

stock is injected countercurrently is necessarily a homo 
geneous suspension of catalyst in a fully fluidized sus 
pension, that is, having a density which generally is 
between 15 and 700 kg/m3. The linear velocity of this 
suspension advantageously ranges from 0.01 to 10 me 
ters per second. The devices for bringing about this 
fully fluidized suspension are of a type with which those 
skilled in the art are familiar. For injection into a riser, 
however, a device of the type described in U.S. applica 
tion Ser. No. 827,333 filed on Feb. 7, 1986, incorporated 
herein by reference, is advantageously used. 
This suspension of catalyst particles is advanta 

geously produced with the aid of an auxiliary fluid, 
which may be composed of hydrocarbons having five 
or fewer carbon atoms, or of mixtures of such hydrocar 
bons. The stream may have a hydrogen concentration 
of up to 35 percent by volume, while the amount of 
steam injected may represent as much as 10 weight 
percent, based on the feedstock. 
The suspension of catalyst particles is introduced at a 

temperature ranging from 550 to 750 C. when the 
feedstock to be cracked is of the conventional type, for 
example, a gas-oil feedstock. However, with so-called 
heavy feedstocks, that is, feedstocks containing more 
than 25 percent by volume hydrocarbon compounds 
boiling above 350 C., the temperature advantageously 
ranges from 650 to 950 C. to assure complete vapori 
zation of the heaviest molecules as well as selective 
thermal cracking therof in the zone of injection into the 
reactor. 
The equilibrium temperature resulting from the mix 

ing of the catalyst stream with the atomized feedstock, 
injected countercurrently in accordance with the pres 
ent invention, will be adjusted by the choice of an ap 
propriate temperature for the injected feedstock, or by 
any other means, to permit the subsequent catalytic 
reaction to proceed under optimum temperature condi 
tions, generally from 450 to 550°C., as the case may be. 
A high temperature of the catalyst stream may be 

advantageously allowed by the use of a dual regenera 
tion system of a type which is known per se. 

Finally, the catalysts suitable for use in the appara 
tuses which are embodiments of the present invention 
include the cracking catalysts of the crystalline alumi 
nosilicate type and certain silica-alumina, silica 
magnesia or silica-zirconium types, all of which have 
relatively high cracking activity. 
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6 
The crystalline aluminosilicates may be in the natural 

state or may be prepared synthetically, by processes 
well known to those skilled in the art. They may be 
selected from among the synthetic zeolites or the clays, 
such as faujasite, certain mordenites, montmorillonite, 
the bridged clays, the aluminophosphates or the like. 
The example which follows will serve to illustrate the 

invention and therefore has no limitative character. 

EXAMPLE 
Two injection tests were conducted with an experi 

mental setup representative of conditions of injection 
into a catalytic-cracking reaction zone. 

In the first test, the atomized feedstock, formed of 
droplets less than 100 microns in diameter, was injected 
cocurrently into the catalyst stream (injector inclined 
45 degrees relative to the axis of the reactor on the 
average), while in the second test the same feedstock 
was injected countercurrently. 

Operating conditions: 
Type of catalyst Zeolite 
Catalyst injection temperature 815 C. 
Density of fluidized phase 320 kg/m. 

2 meters/second 
Atmospheric residue of a 
heavy Arabian type of 
feedstock, hydrotreated 
120 C. 
100 microns max. 
150 meters/second 

Initial velocity of particles - 
Type of feedstock 

Temperature of feedstock 
Diameter of droplets 
Injection velocity of droplets 

FIG. 3 plots the mass flowrate of the suspension, 
expressed in kg/m2sec, at different points of the cross 
section of the reactor. 

Examination of the curves of FIG. 3 shows that injec 
tion of the droplets countercurrently (solid curve 10) to 
the stream of catalyst particles permits homogenization 
of the mass flowrates in the injection Zone, as compared 
to cocurrent injection of the droplets (dashed curve 11), 
which is feasible only thanks to practically instanta 
neous vaporization of the hydrocarbon feedstock. 
What is claimed is: 
1. A process for the catalytic cracking of a heavy 

hydrocarbon feedstock into lighter weight products in a 
fluidized bed, comprising the steps of 

injecting from an upstream position active catalyst 
particles in a fluidizing gas as a fully fluidized sus 
pension, the fluidizing gas comprising hydrocar 
bons having five or fewer carbon atoms or mixtures 
thereof, the resulting dilute phase suspension hav 
ing a density of from 15 to 700 kg/m at a tempera 
ture above 550 C., into an elongate reaction zone, 
so that the fully fluidized catalyst suspension flows 
axially downstream through the reaction Zone at a 
velocity of from 0.01 to 10 meters/second; and 

injecting the feedstock to be cracked as jets of atom 
ized droplets less than 200 microns in diameter and 
at a temperature of from 70 to 400 C. into the 
elongate reaction zone at a velocity of from 10 to 
600 meters/second, said jets originating from a 
plurality of positions spaced around the periphery 
of the reaction zone and downstream of the posi 
tion of injection of said active catalyst, said jets of 
atomized feedstock being angled upstream at from 
5 to 80 degrees relative to the axis of the reaction 
zone, so that the jets of atomized feedstock droplets 
enter the reaction zone in an upstream direction 
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countercurrently to downstream flow of a fully 
established dilute phase fluidized suspension of 
active catalyst particles, wherein the atomized 
feedstock droplets are vaporized with the matter 
comprising the droplets being ultimately dis 
charged downstream from said reaction zone. 

2. A process according to claim 1, wherein said feed 
stock is a gas-oil; said fluidizing gas comprises hydro 
carbons having five or fewer carbon atoms or mixtures 
thereof with from 0 to 35% by volume of H2 and from 
0 to 10% by weight of steam; the temperature of the 
fully established dilute phase fluidized suspension 
ranges from 550 to 750° C.; and the feedstock is in 
jected at an angle relative to the elongate reaction Zone 
of 30 to 60 degrees. 

3. A process according to claim 2, wherein the feed 
stock is injected with a gaseous auxiliary fluid. 

4. A process according to claim 1, wherein the feed 
stock is injected with a gaseous auxiliary fluid. 

5. A process according to claim 1, wherein the feed 
stock is injected at an angle relative to the elongate 
reaction zone of 30 to 60 degrees. 

6. A process according to claim 1, wherein at least 25 
percent by volume of the hydrocarbon feedstock is 
composed of hydrocarbons having a boiling point 
above 350 C. 

7. A process for the catalytic cracking of a heavy 
hydrocarbon feedstock into lighter weight products in a 
dilute fluidized bed, comprising the steps of: 

forming at an upstream position a downstream flow 
of a fully established dilute phase fluidized suspen 
sion of active catalyst particles in a fluidizing gas, 
said fluidizing gas being relatively lighter than said 
heavy hydrocarbon feedstock; 
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8 
flowing the resulting fully established dilute phase 

fluidized suspension downstream through an elon 
gate reaction zone; and 

injecting atomized droplets of the feedstock to be 
cracked into the elongate reaction zone in an up 
stream direction in a manner such that said droplets 
are of less than about 200 microns in diameter and 
the the reaction zone countercurrently to the 
downstream flow of the fully established dilute 
phase fluidized suspension of active catalyst parti 
cles. 

8. A process according to claim 7, wherein at least 25 
percent by volume of the hydrocarbon feedstock is 
composed of hydrocarbons having a boiling point 
above 350° C., and said fluidizing gas further comprises 
hydrocarbons having five or fewer carbon atoms or 
mixtures thereof. 

9. A process according to claim 8, wherein said fluid 
izing gas additionally comprises from 0 to 35% by vol 
ume of H2 and from 0 to 10% by weight of steam, the 
feedstock is injected at an angle relative to the elongate 
reaction zone of 30 to 60 degrees, the feedstock is in 
jected at a velocity of from 10 to 600 meters per second 
and at a temperature of from 70 to 400 C., and the 
temperature of the fully established dilute phase fluid 
ized suspension ranges from 650 to 950 C. 

10. A process according to claim 7, wherein said 
feedstock is a gas-oil, is injected at from 70 to 400 C. 
and at a velocity of 10 to 600 meters per second; said 
fluidizing gas comprises hydrocarbons having five or 
fewer carbon atoms or mixtures thereof with from 0 to 
35% by volume of H2 and from 0 to 10% by weight of 
steam; the temperature of the fully established dilute 
phase fluidized suspension ranges from 550 to 750° C.; 
and the feedstock is injected at an angle relative to the 
elongate reaction zone of 30 to 60 degrees. 
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